Hazard perception is crucial for identifying potential hazards on the road, and how quick drivers can respond to the hazard partially relies on their risk rating of the hazard after they detect it. Although many studies have attempted to reveal the relationship between drivers' response latencies and their risk ratings, this relationship has not been extensively explored under different hazard types. The present study addresses this issue using a video-based hazard perception task. Forty novice drivers and 35 experienced drivers were recruited and 26 video clips containing either an overt hazard (continuous visibility) or a covert hazard (interrupted visibility) were shown to participants. Participants were asked to finish the hazard perception task first and then rated the risk level of the hazard when each video clip was replayed. Participants' confidence in their answers for risk ratings was also determined. Results showed that experienced drivers responded to overt and covert hazards faster than did novice drivers. A negative and significant correlation was found between drivers' risk ratings of covert hazards and their response latencies. Such a relationship was not found for overt hazards. More importantly, drivers rated the risk level of covert hazards higher than that of overt hazards, and higher risk ratings of covert hazards resulted in faster responses to these hazards. The findings of the present study indicate that hazard types not only influence drivers' risk ratings and response latencies but also determine their relationships.
Introduction
Hazard perception is the ability to identify potentially hazardous situations on the road [1] . Hazard perception is widely recognized as a multi-component ability that involves visual detection, appraisal and classification [1, 2] . When facing a specific hazardous situation, drivers must first visually detect the potential hazard and then evaluate the risk level of the hazard (possibility of causing a collision) based on their experience before an evasive action is needed. Despite the importance of visual detection of hazards, many studies have reported that the visual detection time of young novice drivers was not significantly different from that of experienced drivers or older experienced drivers in video-based hazard perception tasks [3, 4] . However, studies have demonstrated that the time from novice drivers visually detected a a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 hazard to the moment that they made a response was significantly slower than that of experienced drivers [5, 6] . Also, previous empirical evidence further suggested that after drivers visually detected a hazard,the subjective rating of the hazard played a larger part in determining their response time [7, 8] . For instance, drivers' higher risk rating score of the hazards in a picture-based hazard perception test lead to faster responses [9] . Therefore, how quick drivers can respond to a hazard relies on their visual detection or/and risk rating of the hazard after they detect it.
Typically, hazard perception is measured using the reaction time paradigm. Participants are instructed to respond quickly to the hazards in video clips, shot from the drivers' perspective, when they detect them. Many studies have provided evidence supporting the notion that experienced drivers outperformed novice drivers in video-based hazard perception tasks [1, 5, 10] , though with some exceptions [11] [12] [13] .
However, based on the reaction time paradigm, drivers' response latencies to the hazards are unavoidably affected by their subjective risk thresholds [1, 10] . A signal detection study found that untrained novice drivers responded to the hazards in the video clips significantly slower than trained novice drivers and experienced drivers. The differences in response latencies derived from their response bias, with untrained novice drivers were significantly more conservative than the other two driver groups. The results showed that untrained novice drivers had a higher risk threshold before they are willing to classify a situation as hazardous [10] . This was supported by a recent study showing that young drivers who had a higher risk threshold have longer response latencies than drivers who had a lower risk threshold [14] . Although many studies have attempted to assess drivers' subjective risk thresholds by examining their risk ratings of the hazards present in video clips or pictures [9, 10, 15, 16] , mixed results have been reported. Some studies have found that novice drivers rated the risk level of hazards significantly lower than experienced drivers [9, 16] , while others found no differences between novice drivers and experienced drivers [10, 12] .
This inconsistency in response latencies and risk ratings may be in part due to the hazard type used in previous studies [17] . Although many studies have found that the responses to some hazards are more sensitive to driving experience than other hazards [2, 18] , the effects of hazard types on drivers' subjective risk ratings have not been thoroughly explored. Thus, it is of great importance to identify the effects of hazard types on drivers' response latencies and their risk ratings of the hazards.
The main purpose of the present study was to examine the effects of hazard types on drivers' risk ratings and their response latencies by manipulating the visibility of hazards in a video-based hazard perception task. The second purpose was to reveal whether drivers' risk ratings corresponded to their hazard response latencies and whether the relationship between the two varied with hazard types. It was predicted that hazards with interrupted visibility will delay drivers' response latencies and lower their subjective risk ratings.
Methods

Participants
The study was approved by the Logistics Department for Civilian Ethics Committee of Liaoning Normal University. Seventy-five drivers who participated in the experiment were provided with and signed an informed consent form. Participants were recruited through a traffic video channel of Dalian. Participants were divided into two driver groups according to their driving experience since they obtained a valid driving license.
• Novice driver group: 40 drivers (18 males), whose age ranged from 19 to 27 years old with a mean age of 23.35 years (SD = 2.07), had an average of 0.76 years of driving experience (SD = 0.43).
• Experienced driver group: 35 drivers (18 males), whose age ranged from 30 to 55 years old with a mean age of 39.63 years (SD = 6.54), had an average of 12.83 years of driving experience (SD = 6.44).
The two driver groups were significantly different in their age (t (73) = -14.92, p < 0.01) and driving experience (t (73) = -11.83, p < 0.01); their gender ratio was not significantly different (χ 2 = 0.31, p > 0.05). All participants had normal or corrected-to-normal vision.
Materials
A video-based hazard perception task developed by the first author was used [19] . The task contained 26 video clips (see Table 1 ). All video clips were filmed from a driver's perspective around the Dalian urban area under fine weather. Each video clip showed a traffic situation where a potential hazard was developing slowly as the camera car approached. The task has good discriminant validity in Chinese drivers [19] . The hazards in the clips were split into two types according to whether the visibility of the hazards was continuous or interrupted during their materialization [20] . Specifically, overt hazards were fully visible in the process of materialization in front of the camera car. Covert hazards were partially or completely blocked at the very beginning of their materialization. In this study, twelve video clips contained overt hazards, and 12 video clips contained covert hazards. There are twenty-four hazards in the test. The other two video clips were used as practice clips. Road types in the video clips were counter-balanced under each hazard type to minimize the effect of local familiarity. The length of the video clips ranged from 10 to 16 seconds, and differences in the mean length foreach hazard type were not significant, t (22) = 0.62, p > 0.05. The onset time and location of the hazards differed from one clip to another. A hazard window was defined for each hazard. The window began at the earliest point in time when the hazard was detectable and ended at the point when an avoidance response by the driver would fail to prevent a collision [4, 13] . The beginning and ending points of the window were defined by three expert drivers (2 males and 1 female) with a high degree of agreement. The length of the hazard window ranged from 2 to 4.5 seconds. The mean length of the hazard window for each hazard type was not significant, t (22) = -0.75, p > 0.05.
Experimental design
A 2×2 mixed design was employed. The between-groups factor was driving experience. The within-groups factor was hazard type. The dependent variables were response rate, response latency, and risk rating score.
Procedure
Participants first finished a demographic questionnaire and watched two practice clips. They were instructed to click the left mouse button quickly when they detected a potential hazard that may lead to a collision with the camera car. Then, 24 video clips were randomly assigned to each participant on a 24-inch monitor at a resolution of 1280×720. In this study, custom software developed by the author's team was used to record participants' response behaviours. Finally, after finishing the hazard perception task, as in previous studies [9, 10, 15, 16] , participants rated the risk level of the hazard present in each video clip on a 5-point Likert scale ranging from the risk can be ignored (1) to the risk was unavoidable (5) . Additionally, participants rated their confidence in their answers for risk ratings on a 5-point Likert scale ranging from not confident at all (1) to very confident (5) . Each video clip was replayed once to assist participants in their risk rating. The experiment lasted approximately 25 minutes. Each participant received 50 yuan RMB after he/she completed the experiment.
Data analysis
Data were analysed in three steps using the statistical software SPSS 23.0. First, the differences in response rates, response latencies and risk rating scores of the two driver groups were analysed. Response rate was calculated as the rate of the correctly responded hazards in the video clips to the number of total hazards in the test [11] . Response latency was calculated as the time from hazard onset to the moment that participants reacted to the hazard [3] [4] [5] . Missing data in response latency in a specific video clip were replaced with the mean response time plus 3 times the standard deviation of participants who have responded [21] . Second, correlations between drivers' age, driving experience, response rate, response latency, risk rating score and confidence in answers under each hazard type were analysed. Third, linear regressions were conducted to examine whether drivers' risk rating scores of overt or/and covert hazards corresponded to their response latencies.
Results
Response rate
Response rates across hazard type and driver groups are shown in Fig 1. A 2×2 analysis of variance (ANOVA) revealed that the main effect of driving experience was significant, F (1, 73) 
Response latency
Response latencies across hazard type and driver groups are shown in Fig 2. A 2×2 analysis of variance (ANOVA) revealed that the main effect of driving experience was significant, F (1, 73) = 33.68, p < 0.01, η2 p = 0.316. Experienced drivers responded to hazards faster than novice drivers. The main effect of hazard type was significant, F (1, 73) = 57.33, p < 0.01, η2 p = 0.440. Drivers responded to overt hazards faster than covert hazards. The interaction between driving experience and hazard type was significant, F (1, 73) = 7.93, p < 0.01, η2 p = 0.098. For both overt and covert hazards, novice drivers responded more slowly than experienced drivers, F (1, 73) = 35.27, p < 0.01, η2 p = 0.326, F (1, 73) = 20.06, p < 0.01, η2 p = 0.216. The effect size of driving experience on overt hazards was slightly larger than that on covert hazards.
Score of risk rating
Risk rating scores across hazard type and driver groups are shown in Fig 3 . A 2×2 analysis of variance (ANOVA) revealed that the main effect of driving experience was significant, F (1, 73) = 21.47, p < 0.01, η2 p = 0.227. Experienced drivers' risk rating scores were higher than those of novice drivers. The main effect of hazard type was significant, F (1, 73) = 6.92, p < 0.01, η2 p = 0.087. Drivers' risk rating scores for covert hazards were higher than those for overt hazards. The interaction between driving experience and hazard type was not significant, F (1, 73) = 0.17, p > 0.05.
Correlation analysis
The correlations between drivers' age, driving experience, response rates, response latencies, risk rating scores and confidence in answers are shown in Table 2 and Table 3 for overt hazards and covert hazards, respectively. Table 2 and Table 3 show that age and driving experience were positively correlated with response rate, risk rating and confidence in answers and negatively correlated with response latency regardless of hazard type. These results indicated that drivers' hazard perception ability improved with increasing driving experience and age. Risk rating was positively correlated with response rate regardless of hazard type, indicating that drivers with higher risk ratings for the hazards present in the video clips responded more to the hazards.
Drivers' risk rating scores were negatively and significantly correlated with their response latencies to covert hazards. Although a negative correlation was also found between risk rating scores and response latency to overt hazards, the coefficient was not significant. When the within-group correlations were calculated separately for each driver group, risk rating scores were negatively correlated with response latencies for experienced drivers (r = -0.04, p > 0.05, r = -0.36, p< 0.05, for overt hazards and covert hazards, respectively) and positively with response latencies for novice drivers(r = 0.21, p > 0.05, r = 0.10, p> 0.05). The results indicated that the accuracies of risk ratings varied within driver groups. Confidence in answers for risk ratings were negatively correlated only with response latency to overt hazards. No significant correlations were found between drivers' risk ratings and their confidence in answers regardless of hazard type, suggesting that some drivers did not rate the risk level of hazards accurately. Additionally, there were no significant gender differences in response rate, response latency and risk rating.
To further reveal the predictors of response latency, linear regressions (Method: Stepwise) were conducted with response latency as dependent variable, risk rating and demographic factors as independent variables. Results show that driving experience and risk ratings of covert hazards can significantly predict drivers' response latency and explain 17.8% and 3.2% of the variance respectively (β = -0.38, p< 0.01, β = -0.21, p< 0.05). Driving experience can significantly predict drivers' response latency to overt hazards and explain 19.7% of the variance (β = 
Discussion
To support the notion that hazard types in the video clips partially account for the inconsistency in drivers' risk ratings and their response latencies in the literature, the present study 1) examines the differences in risk ratings and response latencies between novice drivers and experienced drivers; 2) reveals the differences in drivers' risk ratings and response latencies to overt and covert hazards; and 3) explores the relationships between drivers' risk ratings and their response latencies under the two hazard types. First, the present study showed significant experience-related differences in response rates and response latencies, with experienced drivers responded more to hazards and responded to hazards faster than novice drivers. These findings were observed mainly because drivers' situation awareness developed with increasing driving experience. Hence, more experienced drivers have a better ability to anticipate other road users' trajectories or monitor the critical areas in which a potential hazard might appear or be hidden in different driving situations [22, 23] .
In line with some earlier studies [9, 16] , this study also found that experienced drivers rated the risk level of the hazards higher than novice drivers. One explanation for this result was that drivers in the present study had enough time to observe the hazards in each video clip and then rated the risk level of the hazards [16] . In contrast, experienced drivers and novice drivers were not significantly different in their risk rating scores under time-constraining conditions, such as blacking out of the video for a very short time [24] . In addition, the associations between drivers' risk rating scores and their confidence in those answers were not significant, indicating that some drivers in the present study were overconfident about their driving abilities [6, 15] . This over confidence may have in turn resulted in a lower risk rating score, regardless of hazard type.
Second, the present study showed the differences in response rates and response latencies were significant under the two hazard types. Drivers made fewer responses to covert hazards than to overt hazards, and they responded to covert hazards more slowly. Due to the nature of overt hazards, they were relatively easier for drivers to detect and respond to [18, 20] . Moreover, experienced drivers responded to both overt hazards and covert hazards faster than did novice drivers. The results suggested that the influencing mechanism of driving experience on overt and covert hazards was similar, but the effect size of driving experience on overt hazards was slightly larger than that on covert hazards. Effects of hazard types on drivers' risk rating and hazard response Importantly, drivers rated the risk level of overt hazards lower than that of covert hazards. This was an indication that hazard type did influence drivers' risk ratings and it might serve as an important factor in explaining the inconsistency in risk ratings in previous studies. Another indication in this study was that age and driving experience correlated positively with drivers' risk ratings regardless of hazard type. Notably, the coefficients were moderate for overt hazards, while those for covert hazards were small. There are, however, contradicting results showing that the correlations between drivers' driving experience and their risk rating scores were not significant [15] .
Third, the present study demonstrated that the correlations between drivers' risk ratings and response latencies varied with hazard types. A negative and significant correlation was found between drivers' risk rating of covert hazards and their response latency, but the same result was not found for overt hazards. The result found on overt hazards was supported by two earlier studies showing no significant correlations between drivers' risk ratings and their prediction accuracies of hazards in the video clips [15, 24] . In those studies, participants were asked to predict what the hazardous event was after the video clips paused or were cut to black at a certain point [15, 24] , which posed more time pressure on participants than did the present study.
Furthermore, drivers' higher risk ratings of covert hazards resulted in faster responses in the present study, which cannot be found on overt hazards. When considering both overt and covert hazards, drivers' average risk ratings did not correspond to their average response latencies in the task. One explanation for these results, as the data suggested, was that the accuracies of risk ratings varied within driver groups. The present study found positive correlations between risk ratings and response latencies for novice drivers regardless of hazard type, though the coefficients were not significant. These results suggest that novice drivers either cannot rate the risk level of hazards accurately or cannot translate the information about the risk of hazards into actions faster. Surprisingly, experienced drivers' risk ratings were negatively correlated with their response latencies, though the coefficient was not significant on overt hazards. For the first time, the present study found that even experienced drivers in China cannot rate the risk level of overt hazards accurately. Given these findings, video-based hazard perception trainings including measures to improve the accuracy of risk rating of different hazards might be more effective for Chinese drivers.
The results regarding the prediction of drivers' risk ratings on response latencies could be also partially explained by the crash likelihood and severity of the outcome of the hazards [16] . Compared to overt hazards, drivers in the present study may not have enough time to detect and monitor the materialization of covert hazards and fully appraise the crash likelihood and severity of the outcome [16] . This may increase the risk level of covert hazards that they experienced. For overt hazards, the result of regression showed that drivers' response latencies mainly associate with driving experience not risk ratings. Given the nature of the hazards in the present study, it is reasonable to assume that drivers' response latencies to the overt hazards may be more likely to associate with visual detection, while response latencies to the covert hazards are more likely to associate with both visual detection and risk ratings.
One limitation of this study should be acknowledged. Due to the fact that hazards in the video clips were natural ones and filmed in real driving, it is difficult to guarantee overt hazards and covert hazards were equally away from the camera car when first appeared. However, as in previous studies [4, 13] , the present study found that the mean length of the hazard window for each hazard type was not significant. This result indicated that driver's distance to the hazards for each hazard type was not significant given that the speed of the camera car was similar across the video clips. Further studies, probably conducted in a valid driving simulator, are recommended to explore the effect of driver's distance to the hazards on their risk ratings and hazard response.
Conclusions
The present study provided more evidence for the notion that the inconsistency in risk ratings and response latencies in previous studies can partially attribute to the hazard type in the video clips. While experienced drivers out performed novice drivers in risk ratings and response latencies, the effects of driving experience varied by hazard type. The present study was also the first to demonstrate that hazard types underpinned the associations between drivers' risk ratings and their response latencies. Drivers' higher risk ratings of the covert hazards facilitated their response latencies, while risk ratings of the overt hazards did not correspond to their response latencies. Hazard perception trainings are needed to improve the accuracies of drivers' risk ratings of different road hazards and the coordination between their risk ratings and response latencies.
